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Synthesis of ferromagnetic Bi-substituted
yttrium iron garnet films by laser ablation
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,planelprepalcdatasubstratetemperatureof530゜Ｃａｎｄａｎ●
oxygenipressureof27PaisshownｉｎＦｉｇ．１.Onlythepeak
fbrthe(4214)planeoftheBi:YIGfilmisobservedbesides
thepeakfbrthe（444）planeofGGGsubstrate・Fromthis
spectrum,ｉｔｉｓｃｏｎｌｉｒｍｅｄｔｈａｔｔｈｅＨ１ｍｈａｓａｇａｍetsingle
phaseand〈111〉axis,whichistheaxisofeasymagnetiza‐
tion,isperpendiculartothefilmplane・Atoxygenpressure
of27Pa,belowthesubstratetemperatureof５１０°Ｃ,allthe
lilmswerefbundtobeamolphous､Whenoxygengaspres-
sureincreaseｓｔｏｌ３３Ｐａ,however,theIilmiscrystallized
andhasagarnetsinglephaseabove490oC・Thefilllwidth
athalfmaximum（ＦＷＨＭ）ｏｆthe（444）difTmctionfbr
thefilmpreparedatｔｈｅｐｒｅｓｓｕｒｅｏｆｌ３３Ｐａｉｓｓｌｉｇｈｔｌｙ
ｓmallerthanthatfbr27Pa､FromtheseFWHMvalues,we
estimatedthecrystallitesizeofthesefilmstobeaboutlOOOo
A・
SEMphotographsofthefilmspreparedatthedifYerent
conditionsaresｈｏｗｎｉｎＦｉｇ２、Ｉｎｔｈｅｃａｓｅｏｆｔｈｅｇａｓ
ｐｒｅｓｓｕｒｅｏｆｌ３３Ｐａ,althoughdropletswithsubmicronsize
existonthelilmsurface,thesizeofthegrainintheIilmis
ＦＩＧ、３.SubstratetemperatuTedependenceofthera[iooftheioncontent
inthelilm（ｑ）tothoseinthetaTget（Ｃ７)．Filmswerepreparedat
oxygenpressureofl33Pa．
unifbrmandthefilmsurfaceissmoothincompansonwith
thecaseofthegaspressureof27Pa､Thesmoothnessofthe
filmsurfaceisimportantfbremployingthesefilmsinthe
magneto-opticaldevices・Thesectionalviewsalsoshow
thatthelilmpreparedatthepressureofｌ３３Ｐａｈａｓａ
ｕｎｉｆｂｒｍａｎｄｄｅｎｓｅｓｔｒｕcture・FromtheXRDmeasurement
andthelilmmorphology，ｉｔｃａｎｂｅｓｅｅｎｔｈａｔｔｈｅｏｘｙｇｅｎ
ｐｒｅｓｓｕreofl33PaissuitablefbrpreparinｇＢｉ:YIGlilms・
Ratiosoftheioncontentsinthelilms(ＣＦ)tothosein
atarget（Ｃ７）plottedasafimctionofsubstratetempera‐
tureattheoxygenpreｓｓｕｒｅｏｆｌ３３ＰａａｒｅｓｈｏｗｎｉｎＦｉ9.3．
A1thougharound20％ｏｆｅｘｃｅｓｓＢｉｉｏｎｓｉｓｆｂｕｎｄｉｎｔｈｅ
Ｉｉｌｍ,theIilmcompositionisroughlyconstantinthetem‐
peraturerangebetween490and５８０°Ｃ・
Figure4showsthemagneticfielddependenceofFar‐
adayrotationangleoftheIilmpreparedatasubstrate
temperatureof5１０.Ｃａｎｄｔｈｅｐｒｅｓｓｕｒｅｏｆｌ３３Ｐａ・The
measurementwascarriedoutat830nmwavelength・At
themagncticfieldofabout2kOe,therotationanglebe‐
comesmaximumandhomthismaximumvalueweobtain
OF＝－０．３×104./cmlnthismeasurement,thepolarized
lightreHectedattheinterfaccbetweenthelilmandthe
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-10 ５１ＣFIG､２.SEMphotograpbsofthe61ms.（a）ａｎｄ（b）showthefiImsurfknce
andthesectionalview,respectively,ofthefilmpreparedatn＝530.CandoxygenpTessureof27Pa.（c）ａｎｄ（。）showthelilmsurfaceandthe
sectionalview,｢espectively,ｏ｢thefilmpreparedatE＝Ｓ１０ｏＣａｎｄｏｘｙ‐genpressureof133Pa．
ＭＣｇｎｅｔｉＣＦｉｅｌｄ（ｋＯｅ）
FIG、４．AppliedmagneticnelddependenceofFaradayrotationangle，
measureｄａｔａｗａｖｅｌｅｎｇｔｈｏｆ８３０ｎｍａｔｒｏｏｍｔｅｍperatureFilmswere
prCparedat五＝５１０℃andoxygenprCssureofl33Pa．
Kidoh，ＭｏｒｉｍｏｔｑａｎｄＳｈｉｍｉｚｕ
substratewasdetected,sothatthecalculationwascarried
outbyconsideringtwicethefilmthicknessasthelight
path・
Themagnetizationmeasurementrevealedthatthefilm
hastheaxisofeasymagnetizationparalleltothefilm
plane,inspiteofthe〈111〉axisorientationperpendicular
toｔｈｅｌｉｌmplane・Ｔｈｉｓｉｓｅｘｐｌａｉｎｅｄｂｙｔｈｅねctthatthe
anisotropylieldperpendiculartothelilmplaneisovercome
bythedemagnetizinglield（4卸4）inthelilmThesatu‐
rationmagnetization（47ＦＭ）ｉｓａｂｏｕｔｌ５００Ｇ,whichis
similartothatfbrBi:YIGlilmpreparedbyRIBSl4From
themagnetizationandtheferromagneticresonance
(ＦＭＲ）measurements,theanisotropyfieldiscalculatedｔｏ
ｂｅ９８５Ｇｕｎｄｅｒａｎａｓｓｕｍｐｔｉｏｎｏｆｕｎｉaxialisotropy､ＣＯ汗
sideringthesevaluesoftheanisotropyfieldandthedemag‐
netizingfield,itisexpectedthatthefilmswithamagnetic
anisotropypelpendiculartotheIilmplanecanbeobtained
byreducingthesaturationmagnetizationofthefilms・Itis
realizedbysubstitutingparamagneticionssuchasAl〕＋ｏｒ
Ｇａ３＋ｆｂｒＦｅ３＋ｉｎＢｉ:Ｙ1Ｇ.Ｓ
Ｉｎｓｕｍｍａｒｙ,Bi-substituteｄＹＩＧｆｉｌｍｓｗｉｔｈａ（111）
onentationweresuccessM1ygrowno、the（111）planeof
GGGsubstratebylaserablationusingtheArFexcimer
laser・ThefbUowingresuItswereobtained：（１）Thesatu‐
rationmagnetization（4万Ｍ）oftheIilmisaboutl500G
andFaradayrotationangleis-O3×l04ycmatawave‐
lengthof830nm.（２）TheIilmcompositiondoesnotde‐
viatelargelyfi｢omthetargetone,anditisalmostconstant
inthesubstratetemperaturerangeof490-580°Ｃ（３）The
oxygengaspressureinHuencesthecrystallizationtemper‐
ature，Iilmstructure，andmorphology、Arelativelyhigh
oxygengaspressureissuitablefbrpreparingthegamet
films
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